Abstract: Laboratory services around the world are undergoing substantial consolidation and changes through mechanisms ranging from mergers, acquisitions and outsourcing, primarily based on expectations to improve efficiency, increasing volumes and reducing the cost per test. However, the relationship between volume and costs is not linear and numerous variables influence the end cost per test. In particular, the relationship between volumes and costs does not span the entire platter of clinical laboratories: high costs are associated with low volumes up to a threshold of 1 million test per year. Over this threshold, there is no linear association between volumes and costs, as laboratory organization rather than test volume more significantly affects the final costs. Currently, data on laboratory errors and associated diagnostic errors and risk for patient harm emphasize the need for a paradigmatic shift: from a focus on volumes and efficiency to a patientcentered vision restoring the nature of laboratory services as an integral part of the diagnostic and therapy process. Process and outcome quality indicators are effective tools to measure and improve laboratory services, by stimulating a competition based on intra-and extra-analytical performance specifications, intermediate outcomes and customer satisfaction. Rather than competing with economic value, clinical laboratories should adopt a strategy based on a set of harmonized quality indicators and performance specifications, active laboratory stewardship, and improved patient safety.
Introduction
Laboratory services around the world are undergoing substantial consolidation and changes through mechanisms ranging from mergers, acquisitions and outsourcing, primarily based on expectations to improve efficiency, increasing volumes and reducing the cost per test [1] . However, there has been little evaluation of the risks that these changes have on quality and patient safety. The aim of this paper is to discuss available data on laboratory consolidation and outsourcing.
Volume-outcome relationship in health care
The primary argument used to promote laboratory consolidation is that merging may improve outcomes through increased volume. However, important caveats in the relationship between volume-outcome should be taken into consideration. In medicine, the volume-outcome relationship varies widely across conditions and outcomes, with the largest benefits occurring among a small number of technically difficult surgical interventions, such as esophagectomy and pancreatectomy. For most other conditions, the benefits of volume are less pronounced and the volume-outcome relationship is usually not linear [2] . Emerging evidence highlights that volume may be simply a proxy for other processes, such as having systems in place to recognize and effectively manage complications. Revising the evidence of the literature, Tsai and Jha suggested that improvement in delivering high-quality care should be achieved focusing on improving processes that create better outcomes for patients and stated that "relying on increased volume to create quality may be confusing cause and effect" [3] . More than a decade ago, a remarkable study found that the volume of lung resections performed in a hospital was a better predictor of mortality after pancreatoduodenectomies than the volume of pancreatoduodenectomies, suggesting that the story of the volume-outcome ratio is a bit more complicated than "practice makes perfect" [4] . Unfortunately the seminal vision by Michael Porter that "health care is shifting focus from the volume of services delivered to the value created for patients, with 'value' defined as the outcomes achieved relative to the costs" [5] is still poorly translated in practice. Progress is slow and halting, partly because outcomes measurements remain limited, not standardized and focused on clinical but not functional status [6] . However, moving from volumes to value measured with reliable sets of outcomes represents a decisive step in accelerating value improvement in health care. Currently, the transformation from volume to value is no longer theoretical and requires meaningful quantification of costs and outcomes at the level of individual patients [7] .
Volume-outcome relationship in laboratory medicine
In laboratory medicine, it has been demonstrated that the relationship between volume and costs is not linear and that numerous variables influence the end cost per test. In particular, the relationship between volumes and costs does not span the entire platter of clinical laboratories: high costs are associated with low volumes up to a threshold of 1 million test per year. Over this threshold, there is no linear association between volumes and costs, as laboratory organization rather than test volume more significantly affects the final costs. Laboratory organization, the complexity of the main organization (e.g. accademic centers, primary, secondary or tertiary health care centers), different case-mix and the inpatients to outpatients ratio, as well as other management issues play a relevant role in assuring efficiency, and should be taken into account when planning projects for reorganizing the delivery of laboratory services in the healthcare system [8] . Another study, performed in a different geographic area (Taiwan), confirmed that increasing test volume is not enough to achieve efficiency as enhancing the level of quality and test specialization are further requirements to survive in an increasing competitive environment [9] . In addition, the relationship between costs and prices paid to clinical laboratories is a controversial issue as they do not appear to be evidence-based. As a matter of fact, the prices for laboratory tests vary widely within and across countries. In the US, a large distribution of prices for the 10 most commonly used diagnostic tests was reported, as shown in Table 1 . Table 1 presents the distribution of prices paid per test by a US supermarket chain (Safeway) to different clinical laboratories in 2010. Across all 10 tests, the 95th percentile price exceeded the 5th percentile price by an average factor of 10; the price for the most commonly prescribed test, the basic metabolic panel, ranged from $5.75 to $ 126.44, the highest price 22 times higher than the lowest. Similar data have been reported by a different insurer in North Carolina and before the implementation of reference pricing [10] . In many countries, the adoption of the diagnosis-related group (DRG) system, designed to reimburse the overall fee for the entire period of hospitalization based on the patient's diagnosis, overcomed the traditional feefor-service reimbursement, that was based on reimbursing the costs of each and all laboratory tests performed. The fee-for-service system of provider payment is increasingly viewed as an obstacle to achieving effective, coordinated and efficient care [11] . However, for inpatients the feefor-service system is still used for reimbursing clinical laboratories even if bundled payment (BP) arrangements, designed to remunerate multiple providers for coordinating the total amount of services required for a single, pre-defined episode of care are claimed [12] . Bundled payment may contain comprehensive diagnostics and therapy, including laboratory, pathology and surgery, as well as routine follow-up at regular intervals [13] . A global fee for "care episodes" has been advocated to reduce the request of unnecessary tests and services, to reward care coordination and efficiency as well as to reduce variation in payment for longitudinal care of patients with chronic conditions [14] . BP should strongly affect the models of laboratory services, shifting the focus from volumes and cost per test to the effectiveness of laboratory information in improving diagnostic and therapeutic pathways, as well as clinical and economical outcomes. This, in turn, should promote efforts to improve appropriateness in test request, while moving away from "distorted economics" that have forced laboratories to follow the production industry 
Volume-quality relationship in laboratory medicine
Quality in laboratory medicine is a never-ending quest, being defined as "an unfinished journey". After focusing on internal indicators of analytical quality and efficiency, thanks to the evidence of the vulnerability of extra-analytical phases and the need for a more patient-centered approach, efforts are shifting toward indicators of total quality, clinical effectiveness and patient outcomes with an emphasis on the benefit created for patients by "value", defined as the "outcomes achieved relative to costs" [16] . As we stated elsewhere, "quality in laboratory medicine should be defined as the guarantee that each and every step in the total testing process is correctly performed, thus ensuring valuable decision making and effective patient care" [17] . In addition, clinical laboratories must also provide evidence of value in test-treatment pathways, as well as in improving clinical outcomes and patient safety [15] . Quality in laboratory medicine, therefore, has two dimensions, which can no longer be separated. The "internal dimension", performed and assured within the laboratory environment to provide efficiency, is based on accuracy and reliability of analytical results, timeliness in their production and communication and, finally, on cost-containment activities. The "external dimension" is assured by diagnostic accuracy, value in test-treatment pathways, effect on clinical and economical outcomes and, finally, on patient safety. In fact, the effectiveness of a test depends on not only the result being delivered according to set standards (e.g. accuracy, timeliness and acceptable costs) but also the result being acted upon appropriately and in a timely fashion to assure valuable outcomes [18] . Although no evidence-based and robust data are available to demonstrate the relationship between different volumes and quality of laboratory services, some lessons should come from the outsourcing experiences. Outsourcing of services as potential cost-saving measures began with nonmedical services such as food and laundry, but has spread to medical services such as pharmacy, radiology and the clinical laboratory [19] . The main goal of outsourcing laboratory testing is to decrease the cost per test thanks to the huge volumes performed by large health care companies. A number of studies have examined the issue of clinical laboratory outsourcing providing data on related benefits and problems [20, 21] . In particular, experiences in US academic centers have been evaluated through an anonymous online survey. The results obtained show that: (a) over time, the financial gains fell short of expectations as cost savings eroded as initially favorable test pricing was followed in later years by price increases; (b) there was a lack of utilization control incentive with facilitated excessive testing, excessive send outs and excessive costs; (c) the remaining on-side rapid response laboratory experienced an increasing workload but reduced significance in the eyes of the hospital administration; (d) lack of clinician satisfaction both for poor turnaround time as well as for lack of available expert consultation supporting test requests and interpretation of results; (e) inconsistent and nonreproducible results, particularly in molecular pathology, flow cytometry and microbiology leading to poor patient care [22] . In addition, a significant negative impact on educational programs, difficulties in organizing departmental conferences and teaching activities have been reported. Medical errors arising from outsourcing laboratory and radiology services have been reported as resulting from inappropriate turnaround times for test reports, compromised specimens, incorrect test and problems with sample transportation [23, 24] . Other articles reported the possible negative outcomes in the case of the removal of laboratory services to a distant location as this should cause major disruptions in communication and prevent the accomplishment of the educational mission, particularly in hospitals that support residency and fellowship programs [25] .
Toward an outcome-based evaluation of clinical laboratory services
The state-of-the-art in laboratory medicine highlights on the one hand, impressive improvements in automation, throughput, and workflow, and on the other hand, the vulnerability of extra-analytical phases, the association between errors in test request and result interpretation with diagnostic errors and the increasing evidence of the potential risk for patient safety due to excessive and inappropriate testing [26, 27] . As a matter of fact, the focus on internal indicators of analytical quality, efficiency and cost-per test led to overlooking the value of laboratory services in improving patient outcomes and population health. In fact, although it was stated that "the value of a laboratory test must be ascertained not only on the basis of its chemical or clinical performance characteristics, but also by its impact on patient management, the only true assessment of the quality of testing being quality of patient outcomes" [28] , the link between laboratory quality and patient outcomes has proven to be elusive as clinical outcomes reflect the combined activities of clinicians, nurses, laboratory and radiology professionals, other healthcare professionals as well as the patient [29] . In the last years, however, several research lines emphasized some fundamental issues to provide better laboratory services. First, laboratory process quality should begin and end "outside the laboratory", extending quality measurement to steps in the total testing process antecedent to the analytical step (pre-pre-analytical phase) and subsequent to result reporting (post-post-analytical phase) [30, 31] . Second, appropriate stewardship of laboratory resources may improve patient care by ensuring the correct tests are performed at the appropriate time while unnecessary tests are avoided. At the end of the testing process, appropriate test interpretation and utilization should be pursued, as shown in Figure 1 [32, 33] . The figure represents the concept of clinical laboratory stewardship in the context of the wellknown "brain-to-brain cycle" emphasizing the critical issues of the laboratory-clinical interface [34] . A fundamental step of the clinical pathology stewardship which results from interventions to improve test ordering and result interpretation, is the identification of reliable quality indicators for monitoring all steps of the testing process, particularly the extra-analytical phases. Monitoring of process-based quality indicators has been found an effective tool to improve laboratory performances documenting a significant decrease in defect rates [35] . The identification of a set of harmonized quality indicators covering all steps of the testing process and the definition of related performance specifications [36, 37] represent fundamental steps toward a more patient-centered evaluation of the ultimate quality of laboratory services. However, some global measures of laboratory testing value have been recently proposed: (a) broadening test process turnaround time to time-to-diagnosis, as initiating high quality care is typically dependent on achieving a diagnosis; (b) broadening result report accuracy to diagnostic accuracy, as an accurate diagnosis is a prerequisite for an optimum treatment decision and is often predicated on, or supported by, laboratory information; (c) adding a new intermediate outcome that is diagnostic completeness as laboratory information may reveal not only the cause of patient's condition but also relevant contextual factors (e.g. genetic factors) that influence the treatment choice [29] . 
Conclusions
In the last few decades, laboratory medicine has undergone monumental changes and the landscape of clinical laboratories is still evolving over time. In particular, data on laboratory errors and associated diagnostic errors and risk for patient harm [38, 39] emphasize the need for a paradigmatic shift: from a focus on volumes and efficiency to a patient-centered vision restoring the nature of laboratory services as an integral part of the diagnostic and therapy process. Process and outcome quality indicators are effective tools to measure and improve laboratory services by stimulating a competition based on intra-and extra-analytical performance specifications, intermediate outcomes and customer satisfaction. Some internal and external drivers for this paradigmatic change have been described already [18] and are based on the re-evaluation of the clinical-laboratory interface to reduce the risk of over-and under-testing, the search for a more appropriate interpretation and utilization of the laboratory information in the clinical context and better clinical and economical outcomes. Some years ago, a strategy to overcome current inefficiencies in the delivery of laboratory services was designed. It should encompass translation into integrated, multidisciplinary care, in which appropriateness in test request and interpretation both play a central role in assuring efficiency and effectiveness [40] . After 7 years, evidence has been accumulated to confirm that vision, and more data and tools are available to move that wishful thinking a reality. But it still time to conclude that "blessed are those who have not seen and yet have believed" (John 19:29).
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